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PREFACE 
 
This report shows examples of existing manure energy use in biogas, combustion and thermal 
gasification plants. The examples were chosen to point out some environmentally sound and 
efficient practices which are also encouraged to be used on other installations.  
 
Sari Luostarinen (WP6 leader, MTT Agrifood Research Finland) was responsible for the description 
of the Kalmari biogas plant in Finland, as well as for compiling and editing the report. Mats 
Edström and Ulf Nordberg (Swedish Institute of Agricultural and Environmental Engineering- JTI) 
wrote the description of Katrineholm biogas plant, while Mats Edström also described the 
Skokloster combustion plant in Sweden with Ingmar Schüβler (Technical Research Institute of 
Sweden, SP). Andrea Schüch (University of Rostock, Germany) described the two German biogas 
plants, while Ksawery Kuligowski (University of Gdánsk – POMCERT, Poland) wrote the description 
of the demonstration plant for thermal gasification in Kalundborg, Denmark.  
 
This report was produced as part of work package 6 “Manure Energy Potentials” in the project 
“Baltic Forum for Innovative Technologies for Sustainable Manure Management (Baltic 
MANURE)”. The project aims at turning manure problems into business opportunities, one of 
which is using biogas technology as part of manure management. The project is partly funded by 
the European Union European Regional Development Fund (Baltic Sea Region Programme 2007-
2013).  
 
The authors would like to thank all the partners involved in Baltic MANURE WP6 for their co-
operation during writing.  
 
December 2011 
 
the authors 
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1. FARM-SCALE BIOGAS PLANT ‘KALMARI’, FINLAND 
Sari Luostarinen, MTT 
 
1.1 Feed materials 
Kalmari biogas plant in Laukaa, Finland, is a farm-scale plant digesting liquid cow manure (1600 
m3/a; 40 dairy cows + calves), grease trap sludge and liquid biowaste (500 t/a; Table 1) and 
confectionery waste (200 t/a; Table 1). Also different energy crops and crop residues may be used 
(50 t/a, including clover, grass).  
 
TABLE 1. Average characteristics of the feed materials and the digestate in the Kalmari farm-scale biogas 
plant (Kaparaju, 2003; Luostarinen, 2011).   
Material TS  
(%) 
VS  
(% of TS) 
Ntot 
(g/l) 
NH4
+ 
(g/l) 
BMP 
(m3/tVS added) 
BMP 
(m3/tFM added) 
Cow manure 5.6-8.7 85 2.1-3.5 0.9-1.4 160 11.9 
Confectionery waste 85-98 93-100 nd nd 320-390 284-346 
Grease trap sludge 27 99 nd nd 8501 nd 
Crops 19-26 90 1.7-3.1 nd 140-350 24-83 
Digestate 4.9 nd 2.1 1.43 nd nd 
TS = total solids, VS = volatile solids 
Ntot = total nitrogen, NH4
+
 = ammonium nitrogen 
BMP = biological methane potential 
nd = not determined 
1 
m
3
/tTS added 
1.2 Plant description 
The plant consists of a covered, 90 m3 pre-storage tank for manure, a 1000 m3 reactor and 1500 
m3 covered post-digestion tank, also serving as storage for digestate and biogas (Fig 1 & 2). The 
pre-storage tank is stirred by recirculating the manure by pump before feeding in order to ensure 
homogeneous manure quality. Feeding is performed few times a week using a centrifugal pump. 
The liquid co-substrates are fed to hygienisation unit via centrifugal chopper pump. After 
hygienisation, the mix is fed to the reactor. Solid substrates are fed via screw conveyor directly to 
the reactor.  
 
The reactor is made of concrete and located mostly under soil surface. The reactor contents are 
continuously stirred with a submersible 15 kW mixer. The mixer is controlled with a frequency 
converter in order to significantly decrease its energy demand.  
 
The digestate is led from the reactor to the post-digestion tank by gravity. The cover of the post-
digestion tank is a two-layered hood. The first hood serves as biogas storage while the top hood 
provides shelter for weather and is kept inflated with pressurised air.  
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The plant also holds a 150 m3 vertical, steel reactor, made from a recycled heavy fuel oil tank. It 
was previously the main reactor at the farm, but is currently used for hygienisation (70 °C, 1 h).  
 
The work load for the farmer is approximately 1-2 h/d.  
 
 
FIGURE 1. Kalmari farm-scale biogas plant (shelter for feeding device painted red, reactor below soil surface 
with brown cover, reactor technical space in the front, green gas hood of post-digestion tank on the left). 
PHOTO: Sari Luostarinen, MTT.  
 
FIGURE 2. Schematic representation of the Kalmari farm-scale biogas plant. PHOTOS: Metener Ltd.  
 
  
 
6 
 
The project is partly financed by the European Union -  
European Regional Development Fund 
 
1.3 Digestate use 
The digestate (2100 t/a) is used as an organic fertiliser on the farm fields (80 ha) for fodder and 
energy crop production (Table 1). The plant is optimised to minimise gaseous emissions from 
manure collection and storage by covering all storage tanks. Thus, also nutrient losses via 
ammonia evaporation are diminished. Digestate is spread by slurry wagon equipped with hoses. 
Apart from digestate, only a small amount of nitrogen is required as supplement.   
1.4 Biogas use 
The plant produces annually approximately 350 000 m3 of biogas, which is utilised in combined 
heat and power (CHP) production and as vehicle fuel. The power of the CHP engine used is 25 kWel 
and 50 kWth. The heat and electricity produced is used on the farm premises and the electricity 
sales to the local grid are minimised as covering own usage is more profitable. There is also a 100 
kWth boiler as a back-up for maintenance breaks or possible technical problems with the other gas 
utilisation equipment. 
 
Most of the biogas is upgraded to vehicle fuel using an upgrading technology developed by the 
farmer. The technology is also commercially available from Metener Ltd, the CEO of which the 
farmer is. The technology is based on counter-current washing of the biogas thereby removing 
carbon dioxide, sulphuric compounds etc. The resulting biomethane is pressurised and stored in 
gas bottles and used as vehicle fuel via a tank station at the farm.  
 
The biogas tank station in the farm is currently (2011) the only one in Finland and it can provide 
fuel for 200 vehicles annually (assuming 20 000 km/a). The number of gas vehicles using the tank 
station is continuously increasing and is at the time of writing approximately 50 vehicles from 
usual passenger cars to taxis and small delivery vehicles.  
1.5 Investment and operational costs vs. income  
If the plant were to be commissioned now, including the gas upgrading and tank station, the 
investment cost would rise to around 1.5 million euros. On Kalmari farm, it has, however, been 
built gradually and with a lot of own work and expertise (Metener Ltd) making the investment 
smaller for the farmer (Luostarinen, 2011).   
 
The energy produced offers income for the farmer via replacing heat (500-1000 eur/month) and 
electricity (1000-1500 eur/month) purchased (price depending on the origin of the replaced 
energy). The vehicle fuel sold offers further monthly 6000 eur of income. The income from vehicle 
fuel sold is increasing constantly due to increasing number of clients. As the plant also co-digests 
materials from industry, the gate fees received add to the income by 3000 eur/month. 
Additionally, the farmer calculates saving approximately 1000-2000 eur/a in reduced need for 
mineral fertiliser (according to 2010 fertiliser prices). He has also noticed a significant reduction in 
the need for veterinary services and their costs since implementing the biogas process. Apparently 
the fodder has been of better hygienic quality due to the use of digestate as opposed to raw 
manure.  
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1.6 References 
Kaparaju, P. 2003. Enhancing methane production in a farm-scale biogas production system. PhD thesis. 
Jyväskylä Studies in Biological and Environmental Science 124. University of Jyväskylä, Finland.  
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2. CENTRALISED BIOGAS PLANT ‘KATRINEHOLM’, SWEDEN 
Ulf Nordberg & Mats Edström, JTI  
(PHOTOS: Mats Edström, JTI) 
 
2.1 Plant location and principal description 
Katrineholm is a new biogas plant located ca 150 km SW of Stockholm, Sweden. The biogas plant 
was started up in November 2010 and is owned by Swedish Biogas International (SBI, 51% of the 
shares) and approximately 10 pig farmers (49% of the shares). The plant is designed for digesting a 
total of approx. 80 000 tons of substrate per year (Table 1). The farmers own a manure handling 
company which is responsible for delivering the manure into the biogas plant and handling the 
digestate produced. The biogas plant in Katrineholm is located in an area of intensive pig 
production and of some poultry farms. As there are many lakes in the area, the farmers are facing 
increasingly strict regulations regarding application of phosphorous (P) to fields. Presently, the 
limit is 22 kg P/ha. 
 
In figure 1, there is a schematic description of the biogas plant. The digestion part at the plant is 
using conventional technology for manure and energy crop digestion.  
 
 
1) Receiving tank for liquid 
manure 
2) Receiving tank for fatty 
co-substrates 
3) Receiving silo for solid 
manure and energy crops 
4) Feed-in unit for energy 
crops  
5) Digesters 
6) Biogas upgrading 
(separation of CO2 from 
biogas)  
7) Compression of 
upgraded biogas 
8) Container filling unit 
with compressed biogas for 
truck transport 
9) Flare  
10) Digestate separation 
11) Storage tank, liquid 
fraction from separation 
12) Storage tank, digestate 
Figure 1. Overview of the biogas plant (www.swedishbiogas.com). 
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2.2 Substrate and pre-treatment 
In total, approx. 80 000 tons of a substrate mixture is digested when full production is obtained 
(Table 1). Liquid manure is transported by truck to the plant and the average distance from farmer 
to the biogas plant is approx. 15 km, but varies from 5 to 25 km. 
 
TABLE 1.  The substrate mixture planned for full production.  
Substrate Tons/year  
Pig slurry 65 000 
Solid pig manure 5 000 
Chicken manure 3 000 
Fatty co-substrate (residues from ice-cream factory, slaughterhouse waste etc.). 4 000 
Energy crops (grass silage), poor quality grain and fodder etc.  2 000 – 5 000 
Total 79 000 – 82 000 
 
There are two receiving tanks (800 m3 for manure and 200 m3 for fatty co-substrate) for liquid 
substrates. The larger one is used for mixing liquid and solid pig manure. From the receiving tanks, 
the particle size in the suspension is reduced via a macerator before the slurry is pumped to the 
sanitation (hygienisation) unit. There, the slurry is heated to a temperature of >70 ºC for at least 1 
hour in three 11 m3 tanks, working in a cycle during sanitation. To reduce the process heat 
demand for this pre-treatment, there are heat-exchangers to recover the heat from the outflow 
from the sanitation step and also from the digesters. The recovered heat is used for preheating 
the slurry inflow to the sanitation unit. A wood chip boiler is used to meet the sanitation process 
heat demand. Energy crops are fed directly into the digesters via two mixing containers (Fig. 2).  
 
  
Figure 2. Feed-in system for energy crops.  Figure 3. Digesters. 
 
The biogas process takes place in two parallel digesters in stainless steel with a volume of 4 500 m3 
each (Fig. 3). Each digester is equipped with two types of mixers, two fixed mixers and three 
submerged mixers which can be moved up and down in order to secure optimal stirring of the 
digester slurry. The digestion temperature is 37-39 °C (mesophilic process) and the hydraulic 
retention time approximately 40 days. The digesters have a double membrane roof for biogas 
storage. The methane production is calculated to approx. 3 M m3/year and this corresponds to 36–
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38 m3 methane/ton digested substrate mixture. The methane content in the biogas is calculated 
as 65%.     
 
2.3 Use of digestate  
The effluent from the digester (digestate) has a calculated dry matter content of 6-8%. A screw 
press (Fig. 4) separates the digestate into solid and liquid fractions without any addition of 
polymer. The solid fraction has a dry matter content of 25–30%, with a priority to be used by 
farmers without livestock as a phosphorus fertiliser. The liquid fraction, which has a dry matter 
content of approximately 2-3%, is primarily used by the farmers as a nitrogen fertiliser.  
 
  
Figure 4. Screw press for mechanical separation of the 
digestate.  
Figure 5. Scrubber for upgrading the biogas for 
vehicle fuel use.  
 
2.4 Use of biogas 
The biogas is upgraded to vehicle fuel quality, meaning that most of the carbon dioxide in the 
biogas has to be removed. To remove the carbon dioxide, a water scrubber is used. This is an 
absorption technique in which the raw biogas meets a counter flow of water in a pressurized 
column (Fig. 5). The column is filled with plastic packing material in order to increase the contact 
area between the gas and the liquid phase. The basis of the technique is that carbon dioxide is 
more soluble in water than methane. The water leaving the column will thus contain increased 
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concentration of carbon dioxide, while the gas leaving the column will have a high concentration 
of methane (>97%). The water leaving the scrubber is transferred into a flash tank at low pressure 
causing the dissolved carbon dioxide to be released from the water and enabling recycling of the 
water back to the column. This closed water cycle results in a small water consumption of approx. 
1 m3/day.  
 
The upgraded biogas is compressed up to 200 atm and stored in gas container with a storage 
capacity of 1900 Nm3. The gas containers are transported with trucks to Stockholm. Each truck 
carries three containers. Within the near future, SBI hopes to be able to increase the transport 
capacity up to 3*5400 Nm3 per truck transport. A round trip for a truck to Stockholm and back 
takes close to four hours. The reason for the long distance transport of biogas with trucks is the 
lack of natural gas grid in this part of Sweden. Furthermore, the demand for biogas as vehicle fuel 
in Stockholm is substantially higher than the production of biogas in Stockholm.   
 
2.5 Costs for investment and operation 
According to SBI, the total investment for the plant is 5.7 M Euro. This can be divided into: 
 3 M Euro for core digestion unit 
 2 M Euro for upgrading unit 
 0.7 M Euro for “surroundings”, such as concrete. 
 
According to SBI, the upgrading cost for biogas is approx. 0.10-0.14 Euro/m3 of raw biogas treated.     
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3. AGRICULTURAL BIOGAS PLANTS IN THE SOUTH BALTIC REGION OF 
GERMANY 
Andrea Schüch, University of Rostock 
 
 
South Baltic Region of Germany has several agricultural biogas plants, though not all utilize 
manure. Here are the descriptions for two interesting biogas plants, both of which co-digest 
manure with other feed materials.  
3.1 Farm-scale biogas plant ‘Gut Dalwitz’, Germany 
Gut Dalwitz farm-scale biogas plant is located in Dalwitz (Fig. 1). It was built in 2007 by HAASE 
Energitechnik A/G.  
 
 
FIGURE 1. Location and overall photo of the biogas plant Gut Dalwitz, Germany.  
3.1.1 Feed materials 
The manure used originates from 35,000 laying hens and it is co-digested with energy crops from 
the farm’s own fields and grasslands (70 ha in total). The feed mixture contains 12% manure 
(dryish chicken manure with bedding), 50% maize silage, 12% grass silage, 11 % whole crop silage 
(rye before full fruition stage) and 15% rye grain (wet weight). The daily feed is about 23 ton of 
fresh material.  
3.1.2 Plant description 
The feed of the Gut Dalwitz biogas plant has high dry matter content and thus the feed is 
introduced via an auger feeder (screw conveyor; Fig. 2). As the feed material is readily degraded, 
the reactor itself is a conventional continuously stirred tank of 2400 m3. Mixing is achieved with 
submersible motors/stirrers, and the operational temperature is 44 °C.  
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The plant also has a second reactor providing post-digestion. It is a similar 2400 m3 tank, heated to 
38 °C and mixed with fixed stirrers (Fig. 2). The digestate is stored in a separate storage tank 
which is covered but not gas-tight (Fig. 3).  
 
FIGURE 2. The schematic construction of a HAASE biogas plant with substrate feeding, principle reactor, 
post-fermenter, CHP-container and containers for the technical equipment. 
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FIGURE 3. HAASE biogas plants are often built with an underground digestate storage tank. 
3.1.3 Digestate use 
The digestate from the Gut Dalwitz biogas plant is stored in the storage tank until the next growing 
season. It is used as liquid fertilizer on the farm’s own fields and grasslands. 
3.1.4 Biogas energy use 
The biogas is directed to a combined heat and power (CHP) plant of 537 kW of electrical and 568 
kW of thermal capacity. The heat input FWL is 1412 kW. The electricity if fed into the public grid, 
while the heating is utilized in a small district heating system in the village of Dalwitz and also for 
drying grain and wood in the summer time.  
3.1.5 Economy and significance of the plant 
The owners and operators of the Gut Dalwitz farm and biogas plant actively contribute to a better 
understanding of renewable energy and sustainable biogas production. The Gut Dalwitz biogas 
plant organises a lot of events, receives visitors and is also an active place for recreation (vacation 
and horse riding centre). They also have a farm shop for own products from organic farming and 
animal husbandry.  
 
The farm is a demonstration enterprise selected by the Federal Ministry of Food, Agriculture and 
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Consumer Protection, Germany, and get steady positive feedback from various customers and 
visitors (farmers, students, politicians, researchers).  
 
The biogas plant is not otherwise financial supported, but for the German electricity feed-in tariff 
(EEG). 
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3.2 Farm-scale biogas plant ‘Gettorf’, Schleswig-Holstein, Germany 
The Gettorf farm-scale biogas plant is located close to the Danish border and the Baltic Sea (Fig. 1). 
The plant was built in 2008-2010 by agriKomp.  
 
 
FIGURE 4. Location of the Gettorf biogas plant, Germany.  
 
3.2.1 Feed materials and plant description 
The Gettorf biogas plant co-digests liquid cow manure (600 cows) and solid horse manure 
together with crops, such as maize and grass silage (farm field area 340 ha). The manure 
comprises 30% of the feed.  
 
The solid substrates are fed with auger feeder (screw conveyor) into two reactors stirred with 
paddles (Fig. 2-4). The digested residue from the reactor is hydrothermally treated (75 °C) before 
feeding into the post-digestion tank, which is stirred with immersion motor agitator. The 
hydrothermal treatment is supposed to increase the degradation of the cellulose in the feed 
materials.  Simultaneously, weed seeds are eliminated.   
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FIGURE 2. Feeding of solids by a special aggregat. 
 
 
FIGURE 3. The schematic picture of the agriKomp biogas plants does not fully correspond to the Gettorf 
plant, which has an additional reactor (digester) and a hydrothermal treatment step in-between the reactor 
and post-reactor.  
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FIGURE 4. Paddle stirrer used in Gettorf biogas plant. 
3.2.2 Use of digestate 
The digestate from the Gettorf biogas plant is mechanically separated into liquid and solid 
fractions (Fig. 5) and used as fertilizers in agriculture.  
 
 
FIGURE 5. The pneumatic cylinder of the agriKomp separator can be adjusted infinitely depending on the 
dry matter content of the digestate, thus ensuring consistent separation. It can handle materials of over 30% 
DM. 
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3.2.3 Biogas energy use 
The Gettorf biogas plant produces 13,000 m3 of biogas daily. The biogas is directed to four 
separate CHP units, with a total electrical capacity of 1.13 MW and 81% efficiency including both 
electricity and heat production. All the electricity produced is sold to the public grid.  
 
The first CHP has been operating at the biogas plant since 2009 and produces energy at the 
capacity of 340 kW for electricity and 317 kW for heat. The heat produced is utilised in heating the 
farm houses and drying of wood. Feeding the local district heating grid has also been planned.  
 
The three other CHPs are satellites in the commercial areas of Starkenbrook and Eichkoppel and in 
the heating grid of Gettorf (owned by E.ON Hanse Wärme). Their capacities are 265 kW of 
electricity and 280 kW of heat for the CHPs in commercial areas (efficiency for electricity 39.5%), 
while the CHP of E.ON has the capacity for 330 kW of electricity and 373 kW of heat. All satellite 
CHPs have been operating since 2010. The biogas is transported to the satellite CHPs via a micro 
gas grid (Fig. 6-7). The distance between the biogas plant and the satellite CHPs is 4.7 km. It was 
deemed more energy-efficient to transport the biogas to the satellite CHPs than to transport 
ready-made heat.  
 
In case of peak heat consumption and maintenance breaks, biogas can also be burned in a 500 kW 
boiler.  
 
The CO2-emissions avoided are reportedly approximately 7000 tons of CO2 per year.  
 
 
FIGURE 6. Installation of the heat grid.  
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FIGURE 7. Biogas energy utilisation in district heating and public grid (above) or in micro gas grid 
and satellite CHPs (below).  
3.2.4 Economy and significance of the plant 
The investment cost for the Gettorf biogas plant was reportedly 3 million euros. 
 
The plant has been chosen a demonstration enterprise by the German Federal Ministry of Food, 
Agriculture and Consumer Protection.  
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4. SKOKLOSTER HEAT PLANT FOR HORSE MANURE COMBUSTION, SWEDEN 
Ingmar Schüßler, SP & Mats Edström, JTI  
(PHOTOS: Mats Edström, JTI) 
 
4.1 Plant localisation and principal design 
Skokloster heat plant (Fig. 1), ca 40 km NW of Stockholm, Sweden, is a farm-scale plant for heat 
production using horse manure (Fig. 2), wood chips and wood pellets as fuel. At the present 
moment, the manure comes from 40 horses for riding (approx. 365 tons manure/year) using peat 
as bedding material.  
 
 
FIGURE 1. Skokloster heat plant. 
The manufacturer of the plant is Swebo Bioenergy AB and it was erected in 2010. The plant has a 
fuel container (Fig. 3) loaded with a tractor, equipped with a front loader. From the storage, the 
fuel is transported with a screw conveyor to one small intermediate fuel storage (Fig. 4) where the 
fuel is regularly stirred to secure a homogeneous fuel mixture. The fuel is then transported with 
another screw conveyor into the combustion chamber (Fig. 5). If the fuel has a too low energy 
content (e.g. through a high water content), wood pellets can be added directly into the 
combustion zone. The two-stage combustion process (Fig. 6) is designed with a fixed bed primary 
combustion zone where fuel drying, devolatilization and char oxidation take place. The ignition of 
  
 
22 
 
The project is partly financed by the European Union -  
European Regional Development Fund 
 
the fuel is accomplished automatically with an electrical based igniter. Instead of a grate, the 
primary combustion chamber is equipped with an unperforated ceramic plate with air intakes at 
both sides. A piston - located at the fuel intake side (Fig. 5) - secures the movement of the fuel bed 
through the primary combustion zone. The ash is removed from the primary combustion zone 
through a screw conveyor (Fig. 6). In order to avoid ash melting or sintering the temperature 
inside the primary combustion zone is controlled and limited to approx. 850 °C. The secondary 
combustion zone (Fig. 6) is located above the primary chamber and secures a complete 
combustion at temperatures above 1000 °C. The primary and secondary combustion airs provide 
insulation to the combustion chamber and are through this way simultaneously preheated. The 
exhaust gas is then transported to the boiler for heating up water (FIig. 7), passing a cyclone for 
particle separation before further transport to the chimney. The plant has two accumulators for 
hot water, 4 m3 each.         
 
  
FIGURE 2. Horse manure with bedding material  FIGURE 3. Fuel container 
 
 
 
FIGURE 4. Intermediate fuel 
storage with mixer 
FIGURE 5. A) Screw conveyor from intermediate fuel storage to 
combustion chamber. B) Piston for moving incineration bed  
 
 
B
 A  
A
 A  
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FIGURE 6. BioTherm 250/500 single combustion 
chamber with 500 kW thermal capacity. A) Primary 
combustion chamber B) Secondary combustion 
chamber C) Ash conveyor 
FIGURE 7. Boiler (with 400 kW thermal capacity).  
 
4.2 Fuel composition, investment and experiences 
The plant can run at a wide range of fuel mixtures and loads. The plant has an automatic operation 
system for controlling the following combustion parameters:  
 Fuel load 
 Wood pellets addition for improving fuel quality 
 Mixing intensity in intermediate fuel storage 
 Moving the combustion bed with the piston 
 Temperature and pressure in combustion zone 
 Addition of air 
 
Due to the control system, the plant can run at 20% of maximum load, still meeting the legislations 
of emissions (Jansson, pers. com.). Further on the control system is web based, making it also 
possible to diagnose and operate the plant from long distance. The variable wood pellets addition 
is an important tool for controlling the plant, the amount of wood pellet consumption depends 
strongly on the quality of the main fuel. A tool for reducing the emissions in exhaust gases is to 
increase the addition of wood pellets, meeting future legislation limitations. As an annual average 
for the Skokloster plant, the wood pellets share is about 5-10 volume percent of the total fuel 
volume but will not momentary exceed 15%.  
 
A
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There is a significant difference in the moisture content of the three fuels used at the Skokloster 
plant. They can approximately be described as:   
 Horse manure with peat bedding, a fuel with no cost or even negative cost with moister 
content 60 -70 % (wet based) and LHV 15.75 MJ/kg (19,1 dry, ash free) (Puustinen et al., 
2009). 
 Wood chips, a semi-expensive fuel with moister content at 35-55% (w.b.) (Strömberg, 
2004), LHV 18-20 MJ/kg (dry, ash free).   
 Wood pellets, an expensive fuel with moister content at approx. 10% (w.b.) (Strömberg, 
2004), LHV 19 MJ/kg (dry, ash free). 
 
The proportion between horse manure and wood chips is varying, mainly depending on the heat 
demand and the manure production at the farm. If the moisture content in the fuel mixture of 
manure and wood chips is lower than 40% (w.b.), the wood pellets demand is very low. The 
moisture content in the mixture can be much higher up to 70% (w.b.), but then the demand for 
wood pellets increases significantly.      
 
The plant at Skokloster has the capacity to incinerate horse manure from up to 100 horses (horses 
for riding), thus 2.5 times more than present situation.  
 
Jansson (pers. com.) also reports that a BioTherm plant can use other solid manure as fuel. If straw 
is used as bedding material, it must be chopped, to reduce the size before application in the 
stable. Unchopped straw causes problems with producing a uniform fuel with defined 
composition, thus giving difficulties controlling the primary combustion chamber.  
 
The target temperature on exhaust gases is 150 °C, but can be in range of 130 – 250 °C. 
 
The main ash is removed from the primary combustion zone with the conveyor once every hour 
into an ash container. Secondary ash is collected at the cyclone and additionally at the bottom of 
the boiler. The latter will be removed during shut downs by a vacuum truck. The collected ash is 
used as forest fertiliser.    
 
The investment cost for the Skokloster plant was approx. 3 M SEK (Jansson, pers. com.). This is not 
including the investment for a building to the plant. Most parts in the plant have 20 year of life 
expectancy or even more.    
 
The plant has the following sweeping program:  
 Four times every hour automatic sweeping of the boiler with air 
 Twice every year sweeping the combustion zone 
 Once every year manual sweeping of the boiler 
 
Components in the combustion zone have to be changed once every 5 year. The cost for this is 
15 000 SEK as an average annual cost (Jansson, pers. com.).   
 
Most required work is connected to handle the horse manure; mixing with wood chips and filling 
the fuel container (FIGURE 3).   
  
 
25 
 
The project is partly financed by the European Union -  
European Regional Development Fund 
 
4.3 Future improvements 
Jansson (pers. com.) reports that R&D-work is done to increase the plant thermal efficiency and 
further reduce the emissions. Main focus is on adding an exhaust gas condensation step. With the 
same fuel mixture used at the Skokloster plant, a condensation step can increase the thermal 
efficiency up to 30% compared to the existing situation.     
 
4.4 References 
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Puustinen, H., Kajolinna, T., Pellikka, T., Kouki, J. & Vuorio, K. 2009. Characterisation of airborne emissions 
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5. 'PYRONEER' 6 MW DEMONSTRATION PLANT FOR THERMAL GASIFICATION  
Ksawery Kuligowski, POMCERT 
 
 
Thermal gasification of animal manure is an emerging technology, not developed at a large scale 
at the time of writing. However, in 2009, DONG Energy, Denmark, started building a 6 MW 
thermal gasification plant for low calorific-value and potentially corrosive fuels, such as animal 
manure, biogas residue, sewage sludge and straw (Fig. 1). We gratefully acknowledge Peder 
Stoholm and Anders Boisen from DONG Energy for their hospitality during the visit at this 
'Pyroneer' in May, 2011. 
5.1 Plant description 
The demonstration plant is an up-scaled version of the LT-CFB 500 kW gasifier thoroughly 
described the separate report on thermal gasification of manure, written as part of Baltic MANURE 
project (available at http://www.balticmanure.eu). The plant was built based on experiences of 
the Danish Fluid Bed Technology (DFBT), which formerly (in 2005) developed the LT-CFB 500 kW 
gasifier located at the Biomass Gasification Group, Danish Technical University (DTU), Lyngby, 
Denmark.  
 
The plant is situated near Kalundborg in Asnæs Power Station, Denmark's largest power station, 
with three active units able to supply a total of 1.057 MW of electricity and up to 502 MJ/s of heat. 
Asnæs Power Station produces district heating for the municipality of Kalundborg and process 
steam for the neighbouring enterprises of Statoil, Novo Nordisk and Novozymes since 1981.  
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FIGURE 1. Basic scheme of the 'Pyroneer' 6 MW thermal gasification plant at DONG Energy, Kalundborg, 
Denmark (to the left, after Stoholm et al., 2008), 1. and 2. denote primary and secondary cyclones, 
respectively).PHOTO: Ksawery Kuligowski, POMCERT. 
5.2 Current status of the demonstration 
The demonstration plant is not yet in the demonstration stage at the time of writing (June, 2011), 
but in the up-scaling stage (planned till the end of 2011). This will be followed by integration stage 
and the demonstration should start from 2013. A group of engineers is now working on feeding 
the chambers with straw fuels (1.5 t/h of fuel input with 95% of thermal energy efficiency; Fig. 2). 
Feeding the plant with other fuels, including manure, is planned in the near future. Therefore 
most of the information related to mass, energy flows, energy use and emissions is currently 
scarce and will not be presented in this report. 
 
At the moment the syn gas is directly burnt in the flare and the ash produced is being analysed 
and studied for nutrient recovery by Kommune Kemi A/S.  
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FIGURE 2. Straw used to fuel 'Pyroneer' plant. PHOTO: Ksawery Kuligowski, POMCERT 
5.3 Future considerations 
In the future, straw, young energy crops, animal manure, biogas residue, sewage sludge, wood, 
industrial waste, household waste, meat and bone meal, and similar waste streams may be co-
gasified in the plant. When co-gasifying with coal, ashes from coal and from biomass will be 
collected as nearly separate streams, which greatly improve the possibilities for utilizing the 
respective ashes (Stoholm, 2007; Stoholm et al., 2008). It is expected that manure-based fuels are 
easy to be gasified and will probably also be cheaper than straw. Therefore, manure-based fuels 
may become the main fuel for the plant in the future.  
5.4 References 
Stoholm, P., 2007. Gasification of problematic biofuels. Bioenergy Research 20, 8-10. 
Stoholm, P., Ahrenfeldt, J., Henriksen, U., Gómez, A., Krogh, J., Nielsen, G. R., Sander, B., 2008. The Low 
Temperature CFB Gasifier – 500 kW test on biogas fiber residue. Proceedings of the 16th European 
Biomass Conference, 2-6 June, Valencia, Spain. 
www.balticmanure.eu
The Baltic Sea Region is an area of intensive agricultural 
production. Animal manure is often considered to be a 
waste product and an environmental problem.
The long-term strategic objective of the project Baltic 
Manure is to change the general perception of manure 
from a waste product to a resource. This is done through 
research and by identifying inherent business opportuni-
ties with the proper manure handling technologies and 
policy framework. 
To achieve this objective, three interconnected manure 
forums has been established with the focus areas of 
Knowledge, Policy and Business. 
Read more at www.balticmanure.eu.
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